We combine optical and X-ray data for eight low redshift (z ∼ 0.06) poor groups of galaxies from the XI (XMM/IMACS) Groups Project to study the AGN population in the group environment. Among ∼ 140 group members, we identify five AGN based on their optical emission lines. None of these optically-selected AGN are detected by XMM-Newton. One additional AGN is discovered in the XMM-Newton observations. This X-ray detected AGN, which has no obvious AGN emission line signatures in its optical spectrum, is a member of the only X-ray luminous group in our sample. The lack of a significant population of X-ray bright, but optically dull AGN among less dynamically evolved groups is in stark contrast to the large fraction of such objects in rich clusters of galaxies (Martini et al. 2006 ). We suggest this result can be explained by a physical scenario for AGN accretion evolution: AGN activity is initially triggered by galaxy merging, leading to a high accretion rate and an optically dominant phase (via thin disk accretion). As the accretion rate drops in time, the AGN gradually enters an X-ray dominant low-accretion phase (via a radiative inefficient accretion flow). In this picture, optical-and X-ray-selected AGN are the same population of supermassive black holes observed at different epochs. Within the context of this scenario, the majority of AGN in poor groups are in the highaccretion optically dominant phase, while the AGN population in rich clusters is mostly in the low-accretion X-ray dominant phase.
INTRODUCTION
Active Galactic Nuclei (AGN) play a key role in modern cosmology and hierarchical galaxy formation. Powered by gas accretion onto a central supermassive black hole (SMBH; e.g., Salpeter 1964; Lynden-Bell 1969; Rees 1984) , AGN dynamically impact the formation and evolution of host galaxies in a self-regulated way (e.g., Begelmen 2004 and references therein).
Recently, X-ray surveys with Chandra and XMM-Newton have revealed a population of AGN that have very different properties from optically-selected AGN. In particular, X-ray AGN have a higher spatial number density that peaks at a lower redshift than that of optically-selected AGN (Barger et al. 2002; Fabian 2004; Hasinger, Miyaji & Schmidt 2005) . Also, X-ray AGN cluster more strongly than opticallyselected AGN (e.g., Basilakos et al. 2004; Yang et al. 2006; Puccetti et al. 2006) . Detailed studies of the connection between X-ray and optical AGN are often hampered by the difficulty of obtaining sufficient optical spectroscopy and X-ray data. Nevertheless, studies of clusters of galaxies reveal the existence of a large number of X-ray AGN that show little or no optical AGN signatures (Martini et al. 2002 (Martini et al. , 2006 .
Recent results on the small-scale excess of quasar-quasar and quasar-galaxy pairs (Hennawi et al. 2006; Serber et al. 2006 ) support models where AGN activity is triggered by gas fueling during galaxy mergers (e.g. Kauffmann & Haehnelt 2000) . Given their low velocity dispersions and high galaxy densities, groups of galaxies provide an ideal environment for such mergers. As groups constitute the most common galaxy associations, a significant fraction of all AGN activity may be triggered in these systems. In this Letter, we use optical and X-ray observations to search for AGN in a sample of eight low-redshift groups taken from the XI (XMM/IMACS) Groups Project (Rasmussen et al. 2006 ). These redshift-selected groups were chosen to be representative of poor groups at low redshift 4 . All but one of these groups are weak or undetected in the X-ray band, suggesting these systems are dynamically very young. Therefore, the galaxies in these systems are likely encountering the group environment for the first time. These groups are natural places to study AGN which may have been recently triggered. We describe the data and identification of AGN in §2. A comparison of the AGN population in our group sample with that in rich clusters is provided in §3 and a physical interpretation is presented in §4. We adopt a flat ΛCDM cosmology with Ω M = 0.27, Ω Λ = 0.73, and H 0 = 72 km s −1 Mpc −1 throughout this Letter.
DATA ANALYSIS AND RESULTS
2.1. IMACS data Multi-object spectroscopy of each group field was obtained using the IMACS spectrograph on the Baade/Magellan telescope. The f/2 camera mode was used with the 300 lines mm −1 grism, giving a wavelength range of 3900 − 10000 Å and a dispersion of 1.34 Å pixel −1 . Details of the object selection, exposure times and data reduction can be found in Rasmussen et al. (2006) . Galaxy redshifts were obtained by cross-correlating the spectra with SDSS galaxy templates and manually inspecting each fit to verify the redshift. For a few bright objects that have not been targeted yet with IMACS, we use spectra from the 2df Galaxy Redshift Survey (Col- NOTE. -Optical group properties have been calculated using all of the known members (including some below the magnitude cut used for the AGN analysis). XMM exposure times refer to the total summed over the three EPIC detectors. The X-ray limits correspond to the 5σ limit for a point source 13 ′ off-axis in energy band 0.3 − 8 keV. less et al. 2001 ). Combining our IMACS spectra with the 2df data, we are 100% complete down to M R = −20 for all of the galaxies in all eight groups within a radius of 15 ′ (∼ 1 Mpc) from the group center (corresponding to the approximate XMM-Newton field of view); 91% complete down to M R = −19; and 74% complete down to M R = −18. We restrict our current analysis to group members brighter than M R = −18. Group members are identified using the technique described in Mulchaey et al. (2006) . The group properties are listed in Table 1 .
A large fraction ( 60%) of the group members show strong emission lines. For each emission line object, a line fitting procedure has been used to measure the line equivalent width (EW). A Gaussian profile is assumed for the line and fit simultaneously with the local continuum. The EW is calculated using the fitted line area divided by the median value of the continuum within ±3σ of the line center.
Traditionally, AGN have been distinguished from star forming galaxies by considering the line flux ratio [O III]λ5007/Hβ versus [N II]λ6584/Hα in the BPT diagram (Baldwin, Phillips & Terlevich 1981; Kauffmann et al. 2003; Hao et al. 2005) . Instead, we use line EW ratios since our spectra are not flux calibrated. For lines close in wavelength, the EW ratio is similar to the flux ratio because the underlying continuum does not differ significantly.
We restrict our analysis to emission lines with EWs > 2 Å. When all four emission lines can be measured in the spectrum, we use eqn. 5 in Kewley et al. (2001) to separate AGN from star-forming galaxies. For some objects, the lines of Hβ and/or [OIII] cannot be measured because they are either too weak or they fall on bad parts of the spectrum due to bad pixels or gaps in the IMACS CCD mosaic. For these objects, we use EW [N II]λ6584/EW Hα > 0.63 to identify AGN (e.g., Kauffmann et al. 2003) . Adopting these definitions, we identify five AGN (out of a total number of ∼ 140 galaxies) in the group sample. For the remainder of this Letter, we refer to these AGN as optical AGN. The spectra of the five AGN are shown in Fig. 1 . The objects with weak Hβ and [OIII] occur in inclined host galaxies and thus extinction in the host is probably responsible for the weakness of these features. Optical images of the AGN indicate that they reside in late-type galaxies.
XMM-Newton Data
The eight groups were observed by XMM-Newton for nominal exposure times of ∼ 20 ks. The data were processed using XMMSAS v6.0. Following the procedure outlined in Jeltema et al. (2006) , we remove primary and secondary flares and obtain cleaned events files for the MOS1, MOS2 and PN detectors. The net exposure times summed over the three detectors are listed in Table 1 . Little or no diffuse X-ray emission is detected for the majority of the groups, indicating that these groups are not virialized and are most likely collapsing for the first time. Two groups MZ 9014 and MZ 4577 have some detected diffuse emission, but at very low luminosities (L X ≈ 10 41 erg s −1 ; Rasmussen et al. 2006) . The MZ 10451 group is X-ray luminous (L X 10 42 erg s −1 ), suggesting it is more dynamically evolved than the other groups.
The wavdetect task in SAS was used to identify X-ray sources in the fields with a detection threshold of 5 sigma. Source detection was run on both the broad (0.5 − 8 keV) and hard (2 − 8 keV) band images. The X-ray detection limit for each group was calculated assuming a power-law model with index Γ = 1.7 and Galactic absorption (see Table 1 ).
The X-ray images and source lists were compared with the list of group members 5 to identify possible matches. For the hard band images, there are two matches (one in MZ 5383 and the other in the X-ray luminous group MZ 10451). The X-ray source in MZ 5383 is extended and has a spectrum that is well-fit by a thermal plasma model. Hence, this object is not an X-ray AGN. The detected galaxy in the MZ 10451 group is a point source with a very hard X-ray spectrum and a luminosity of L X ∼ 1.7 × 10 41 erg s −1 (in the 0.3 − 8 keV band). These characteristics suggest this object is an X-ray AGN. The host galaxy is an elliptical and there are no obvious AGN emission-line signatures in the optical spectrum. Therefore, the properties of this source are similar to the Xray AGN found in rich clusters by Martini et al. (2006) . A few additional matches to group members are found in the broad-band images, but X-ray spectral analysis indicates that all of these are well-described by a thermal plasma model and thus are unlikely to be AGN. In addition, none of the five optical AGN are detected in the X-ray images. This is consistent with the observation that AGN selected by their emission line spectra are often X-ray weak in contrast to AGN selected by their blue/UV excess (Risaliti et al. 2001) . Although large absorbing columns might be responsible for the non-detection of these AGN in X-rays (particularly for the edge-on galaxies), spectral analysis of a sample of emission-line selected AGN suggests that most of them are intrinsically X-ray weak (Risaliti et al. 2003) .
A COMPARISON OF THE AGN POPULATIONS OF GROUPS AND

CLUSTERS
The optical/X-ray properties of the AGN in our groups are quite different from those in rich clusters. The AGN population in clusters is dominated by X-ray bright AGN without strong optical emission lines (Martini et al. 2006) . The majority of these AGN occur in early-type galaxies. The one X-ray AGN in our sample also occurs in an early-type galaxy and is a member of the only X-ray luminous group. In many ways, such X-ray luminous groups can be thought of as "miniclusters" (cf. Mulchaey 2000) , so the presence of X-ray AGN in this group is perhaps not too surprising. However, X-ray bright, optically dull AGN are entirely absent from the less dynamically evolved groups in our sample. It is worth noting that the overall AGN fraction in our groups is consistent with the fraction in cluster of galaxies (∼ 7% in our group sample vs ∼ 5% in clusters down to the same limiting magnitude of M R = −20; Martini et al. 2006) . Therefore, it is not the fraction of AGN that varies significantly between these two environments, but the nature of the AGN populations: groups are dominated by AGN with prominent optical emission lines, while clusters are dominated by X-ray luminous, optically-dull AGN.
It is interesting to consider how the differences in the AGN populations in poor groups and rich clusters might reflect differences in the galaxy populations in these two environments. As the AGN in our groups occur in late-type galaxies that are likely encountering the group environment for the first time, their host galaxies should retain large reservoirs of gas. In contrast, cluster hosts are mostly early-type galaxies that are largely void of gas and dust. Therefore, the differences in the AGN types in groups and clusters may reflect differences in AGN accretion rates in these two environments. Furthermore, since the galaxy population in clusters is older than in groups, the differences in the nature of AGN in the two environments may also represent an evolutionary effect. In the following Section we combine these two ideas to show how an evolving accretion rate can explain not only our group observations, but many properties of optically and X-ray selected AGN in general.
A SCENARIO FOR AGN ACCRETION EVOLUTION
The notion of an evolving accretion rate for AGN has been considered recently by several authors (Yu, Lu & Kauffmann 2005; Cao 2005; Hopkins et al. 2006) . Here, we propose a simple scenario in which an evolving accretion rate leads to changes in the accretion state of the central SMBH and therefore changes in the observed AGN properties.
In this picture, an AGN evolves through two major stages during its lifetime. The first stage 6 is initiated after AGN activity is triggered by (major and/or minor) galaxy merging. During this stage, the accretion rate is high (probably near the Eddington rate) since there is plenty of fuel provided by the merger; the accretion occurs via a thin α disk (e.g. Frank, 6 The first accretion phase may be hidden by dust obscuration until strong feedback expels dust and clears the line of sight (e.g., Hopkins et al. 2006) . King & Raine 2002) and most of the luminosity is emitted in the UV/optical band with a high radiative efficiency (ǫ ∼ 0.1). The ionization flux from the accretion disk leads to prominent emission-line regions. The SMBH is expected to assemble much of its mass during this early phase (Sołtan 1982; Yu & Tremaine 2002) . Observational constraints suggest this UV/optical dominant phase typically lasts ∼ 10 6 − 10 8 yr (e.g, Martini 2004 ).
As gas is consumed, the accretion rate decreases, eventually leading to a change of accretion state from thin disk accretion to a radiatively inefficient accretion flow (RIAF, e.g., Narayan & Yi 1994; Abramowicz et al. 1995; Armitage 2004) .The bolometric luminosity is lower during this second phase due to both the lower accretion rate and the lower radiative efficiency. However, as more energy is deposited in the accretion flow rather than radiated away, the RIAF becomes hot enough to primarily radiate in the X-ray band as inverse Compton emission (e.g., Yuan & Narayan 2004) . Hence the AGN becomes X-ray dominant in this later stage. Furthermore, the decrease in the UV/optical radiation, as well as possible consumption of Broad-Line-Region and Narrow-LineRegion clumps, leads to a substantial drop in emission line flux. This later accretion phase can last much longer than the initial UV/optical phase because the low accretion rate can be easily maintained by small amounts of infalling gas and/or relic circumnuclear medium.
This simple picture postulates that AGN are optically dominant early on and gradually fade and change into X-ray dominant AGN. In this scenario, optical and X-ray AGN are generically the same population of objects, observed at different evolutionary stages. The environmental dependence of AGN properties is then a natural consequence of accretion evolution: AGN are preferentially discovered as X-ray AGN in evolved systems like clusters of galaxies, where the merger events occurred a long time ago and rapid accretion onto the SMBH has ceased; while they are preferentially discovered as optical AGN in dynamically young systems like groups where the merger events have more recently occurred 7 . Some additional inferences are: a. Since AGN spend a longer time in the low accretion rate, X-ray bright phase than in the high accretion rate, optical bright phase, the number density of X-ray AGN is larger than that of optical AGN (Mushotzky 2004 and reference therein). Furthermore, the number density of X-ray selected AGN should peak at later cosmic time than optically-selected AGN (Barger et al. 2002; Fabian 2004; Hasinger, Miyaji & Schmidt 2005) .
b. On average X-ray AGN should have lower bolometric luminosities than optical AGN, which is consistent with the fact that Chandra AGN sources have considerably less mean bolometric luminosity than opticallyselected AGN (e.g., Mushotzky 2004) . In addition, an anti-correlation between the intrinsic X-ray/optical luminosity ratio (or spectral hardness) and optical/UV luminosity is expected because during the early stages AGN are more dominant in the optical/UV band and more luminous. This intrinsic anti-correlation is indeed observed in a recent study of the soft X-ray properties of an optically-selected AGN sample (Strateva et al. 2005 ).
c. Many authors have suggested that the X-ray emission from optically-selected AGN is too soft to account for the hard X-ray background (e.g., Natarajan 2004 and reference therein). This is a natural result in our model: most optically-selected AGN are in the opticaldominant phase and thus have relatively soft X-ray spectra. However, sources with radiatively inefficient accretion flows are able to produce X-ray emission with a spectral shape similar to the hard X-ray background (Di Matteo & Fabian 1997; Yi & Boughn 1998) . Thus, the hard X-ray sources that dominate the hard X-ray background are likely aged AGN which were luminous optical AGN in the past.
A more subtle implication is for the different clustering properties of X-ray and optically-selected AGN. Optical AGN have a similar clustering strength to that of galaxies at z 2.5, with a comoving correlation length ∼ 6 h −1 Mpc (e.g., Zehavi et al. 2005; Croom et al. 2005) . The correlation length is larger for X-ray selected AGN 8 (e.g., Basilakos et al. 2004; Yang et al. 2006; Puccetti et al. 2006) , and even larger for hard X-ray selected AGN (∼ 15 h −1 Mpc, Puccetti et al. 2006) . Naively, one might expect that given a monotonic relationship between luminosity and mass, X-ray AGN should reside in less massive dark matter halos since they tend to be less luminous. Therefore, X-ray AGN are expected to cluster less strongly than optical AGN -the opposite sense of what is observed (e.g., Mushotzky 2004 ).
This puzzle is clarified in the scenario proposed above. Though X-ray AGN are less luminous, they do not reside in less massive dark matter halos. It is the time evolution of individual AGN that blurs the connection between bolometric luminosity and host dark matter halo mass. X-ray AGN were once luminous optical AGN at higher redshift. Using a high redshift (z ≥ 2.9) sample from SDSS, Shen et al. (2006, submitted) have done a clustering analysis for high redshift optical quasars and find that they are more strongly clustered than low redshift quasars, with a comoving correlation length comparable to that of the hard X-ray AGN. These once luminous optical AGN gradually fade and become less luminous X-ray AGN at lower redshift, while their spatial clustering properties remain.
CONCLUSIONS
We have studied the optical and X-ray properties of AGN in eight low redshift groups of galaxies. We spectroscopically identify ∼ 4% of the group members (down to M R = −18) to be AGN. None of these optical AGN are detected in X-rays. We detect only one additional AGN in X-rays. This object, which shows no optical AGN signatures, is a member of the most dynamically evolved group. Hence unlike rich clusters of galaxies, poor galaxy groups appear to lack a significant population of X-ray bright, optically-dull AGN. These observations support a simple scenario where AGN gradually evolve from optically to X-ray dominant as the accretion rate drops. Although this simple model can qualitatively explain many observations of X-ray and optical AGN, a more quantitative understanding of the properties of X-ray and optical AGN (i.e., luminosity functions, clustering properties) will require the convolution of this time evolution for individual AGN and many other factors (e.g., merger rate, halo mass function, AGN lifetimes, etc.), combined with a better understanding of SMBH accretion physics. In addition, our current group sample is still very small. More detailed studies of both optically and X-ray selected AGN in a range of environments will help provide further constraints on the ideas presented here.
